Introduction
Developmental dysplasia of the hip (DDH), formerly known as congenital dislocation of the hip, includes hip disorders that can be unstable clinically with acetabular misdevelopment with or without femoral head decentering [4] . The long-term morbidity of DDH is unclear, but it is associated with complications such as chronic pain and early osteoarthritis, gait abnormalities, and leg length discrepancy [11, 22] . Prolonged hip subluxation and dislocation may predispose to osteoarthritis in the adult, but there is no clear association between acetabular dysplasia without clinical instability and osteoarthritis [22] . It is well-known that prompt recognition and appropriate treatment reduce the risk of late morbidity of the hip [9] . Therefore, routine clinical screening for DDH in neonates and infants, originally instituted by Ortolani [13] , Barlow [2] , and Von Rosen [21] , is commonly used today, enhanced by the more recent sonographic methods introduced mainly by Graf [7] . Graf's method identifies the exact anatomic structure of the hip and serves as a basis for treatment of DDH. It is now accepted that ultrasound is the most sensitive method for detecting hip disorders during the first weeks of life and until approximately 1 year of age, thus allowing assessment of hip development during and after treatment. However, screening the neonatal hip using sonography combined with clinical examination may lead to overdiagnosis and overtreatment when not used properly [3] .
Pavlik developed a functional method for treating DDH that is in wide use today [15] . His method emphasized a new conceptual approach that was both functional and provided a solution for the high rate of osteonecrosis after incorrect treatment of DDH in his time [14] . He used stirrups, which he defined as a tool to achieve the child's active movement of the dislocated or dysplastic hip, directing without force the femoral head into the acetabulum. Pavlik's method is successful in most children, especially those whose treatment is started before 6 months of age. According to MacEwen and Millet [9] , the key to successful treatment of DDH is early initiation of treatment; early screening followed by correct early treatment results in hip reduction or healing. Pavlik's method, especially if used early, is effective and safe, even for more severe cases of DDH, reducing the incidence of osteonecrosis (ON) to nearly zero [19] .
We describe our experience in the assessment of the relationships between gender, sonographic abnormality, age at diagnosis, and age at start of treatment with the rate of ON and healing and duration of treatment using Pavlik's method for Type III and IV hips according to Graf's classification. We focus on the question of whether this method results in a low rate of ON in infants with severe hip sonographic abnormality, ie, Graf's Type III and IV hips. We further asked whether gender, side of the DDH, or stability influenced timing and duration of treatment and whether any of these factors influenced the likelihood of developing ON.
Materials and Methods
From January 1, 1997, until December 31, 2000, we clinically and sonographically examined 18,067 neonates (36,134 hips) for disorders or diseases within the first 48 hours of life ( Table 1 ). All patients were examined clinically by experienced neonatologists from our institute with a pediatric orthopaedic surgeon (VB) performing the clinical examination followed by ultrasonography [21] . We included only babies who were born in our hospital and then diagnosed and treated by us. We excluded those babies who were first diagnosed with sonographic DDH during the first 48 hours of life but whom we did not follow. The clinical examination by the neonatologists was performed as described by Ortolani [13] and Barlow [2] , and the sonographic examination was performed according to Graf's method using a 7.5-MHz transducer [8, 21] . The clinical examination by the pediatric orthopaedic surgeon was performed only when the sonographic investigation revealed hip abnormality. The hips included in the study belonged to all the neonates with sonographic hip abnormality rated Graf Type III and IV who were born and treated in our hospital until reaching normal. After the diagnosis was established, we postponed the onset of treatment according to the development of the hip but usually began between 4 and 6 weeks of age. In the case of spontaneous continuous improvement, the babies were thus spared from treatment. During the investigated periods, we diagnosed 151 hips with Graf Type III and IV DDH, 78 of which were treated by us (Table 1 ) and form the basis of the report. These 78 hips were found in 66 newborns (54 girls, 12 boys) ( Table 2 ). Most of the treated hips were Type III in girls on the left side and were clinically unstable ( Table 2) . Sixty-five hips were Type III and 13 were Type IV. Twelve newborns had bilateral DDH; one girl had Type IV bilateral DDH, six newborns (three boys and three girls) had Type III DDH on one side and a Type IV contralateral hip, and five had bilateral Type III DDH. Three weeks later, 16 of the 78 Type III joints (21%) in 15 We determined the presence or absence of ON as described by Tönnis [18] using anteroposterior radiographs of the pelvis.
We determined the likelihood of achieving a Graf Type I hip at followup. We then determined the risk of ON as related to gender, age at diagnosis, and treatment duration. We used the Mann-Whitney test to determine differences in risk as related to the three factors.
Results

None of these Graf Type III or IV hips demonstrated ON.
Type III DDH responded to Pavlik's method of treatment, reaching Type I in 46 of 48 (95.8%) hips. Two clinically unstable Type III hips in female patients underwent arthrography followed by closed reduction and spica casting under general anesthesia, the first at the age of 20 weeks and the second at the age of 42 weeks. The first of these two hips achieved successful reduction by closed reduction at 20 weeks followed by 6 weeks of casting. The second hip was not reduced after 42 weeks of Pavlik's treatment but achieved successful closed reduction and spica casting for 14 weeks.
Treatment duration was longer (p = 0.16) in boys, but we found no differences between the genders concerning age at start of treatment and its duration when comparing treatment with Pavlik's method and spontaneous reduction ( Table 3 ). The time of treatment onset correlated (r = 0.49) with treatment duration with Pavlik's method in boys, but we observed no correlation in girls and spontaneously healed boys.
We observed no differences between the right and left sides in the treated group or in the spontaneously reduced joints concerning treatment duration and age of onset (Table 3 ). We did not find any differences (p [ 0.05) in outcome between treatment and duration and between sides of the abnormality. Because no ON was found, the assessed parameters did not affect or cause ON.
Clinically unstable hips reached sonographic Type I spontaneously faster (p \ 0.05) without any treatment than clinically stable joints ( Table 3 ). On the other hand, stable joints needed a shorter treatment time (p \ 0.05) than unstable joints. A correlation coefficient (r = 0.41) was found between age of onset of stable joint treatment and duration. Pavlik's method of treatment reached sonographic Type I and clinically stable joints in eight of 13 hips with Type IV DDH joints. Five were treated by closed reduction after arthrography under general anesthesia followed by plaster spica casting. Three of these did not respond and underwent open reduction. Type IV DDH hips were found in 10 girls and three boys (four on the right side and nine on the left); four joints were stable and nine were unstable. Treatment onset age in the joints reduced by Pavlik's method was younger (p [ 0.05) than hips that did not respond to this method of treatment. Treatment duration for reduction of Type IV hips was similar to Type III. No further statistical evaluations were performed because of the small numbers of joints. Pavlik's method of treatment achieved hip reduction in 71 of 78 (91%) joints in this cohort, and no ON was demonstrated (Tables 3, 4 ).
Discussion
Pavlik's method of treating DDH was intended in part to reduce the rate of osteonecrosis. Graf's method of sonographic evaluation afforded earlier accurate diagnosis and assessment of severity of DDH. However, the literature does not state of how Graf Types III and IV hips respond to treatment using Pavlik's method and whether these hips have a reduced risk of ON. We therefore asked whether there were any relationships between sonographic abnormality, age at diagnosis, and age at start of treatment with the rate of ON and healing and duration of treatment using Pavlik's method for these hips. We questioned whether this method results in a low rate of ON in infants with severe hip sonographic abnormality, ie, Graf Type III and IV hips. We further explore the relationships of the likelihood of achieving a normal hip and gender, side of the DDH, stability, timing of treatment outcome, and its duration.
The major limitation of this study is it is a retrospective study with some missing data. We did not have data, for example, on all of the 151 hips we screened and found Graf Type III and IV hips, and rather only the 78 we treated. The numbers (especially for Type IV hips) were limited and therefore we could perform limited statistical analyses.
Our main aim was to assess ON using Pavlik's method among severe DDH Type III and IV hips. Sonographic examination of the newborn hip is a highly sensitive method of detecting abnormalities; it is sometimes considered too sensitive, especially for neonates, because it can lead to overdiagnosis [3] . On the other hand, early diagnosis and treatment are generally accepted as the keys for a successful outcome [6, 9, 16] .
It is important when assessing the success rates of treating DDH using Pavlik's method to ascertain ON rates. Mostert et al. [12] treated 41 dislocated hips with Pavlik's method (29 Type III and 12 Type IV). The treatment was successful in relocating 97% Type III and 50% Type IV joints. Ucar et al. [19] treated 22 Type IIc DDH or more severe hips by Pavlik's method and reported a 95.4% success rate and two cases of ON. Atalar et al. [1] treated 31 Type IIc or more severe hips, of which 18 (58%) were reduced successfully and were related to Graf type and age at treatment onset. However, there was no relationship to gender and the side of the affected hip, similar to our findings, but for smaller cohorts. Age at treatment onset ciirekated with treatment duration only in male infants, but not with side of the affected hip. No ON was detected in this cohort. Approximately 10 years ago, Malkawi [10] reported a 100% success rate with 0% ON when he used Pavlik's method and sonographically followed 699 hips in 547 infants. The high success rate might have been a result of early treatment onset; most of the joints were treated at approximately 6 weeks of age, which might affect the reduction rate. Using Pavlik's method, patients up to 6 months of age have a higher success rate, as described also by Vitale and Skaggs [20] . Our group found unstable hips needed a shorter treatment period [5] . The incidence of Type III and IV hips in our cohort was 0.41%, similar to that described in our other publications. Toma et al. [17] reported their results of sonographic screening for DDH incidence as 4.7%, of which 3.36% were Type IIa; their screening was performed on children younger than 4 months of age.
Pavlik's method for treating DDH is the first and usual choice of treatment for DDH, especially for children younger than 3 months of age, mainly because of the close to zero rates of ON, its efficiency, and its simplicity. The method is based on a simple concept that the activity of the babies reduces the hip [14] . In our experience, some Type III joints can be reduced spontaneously. None of the Type IV hips reduced spontaneously and all underwent treatment, but the group was too small for further evaluation. The treatment period in male children was a little longer than in female children. Clinically stable joints needed a shorter treatment time compared with unstable joints. No ON was found in the hips treated in this cohort. The side of the hip and its stability did not influence treatment. Starting treatment early in severe cases might yield a high rate of success, as seen in this cohort. Our data suggest Pavlik's method is a safe treatment option, avoiding ON even for severe DDH Graf Type III and IV hips.
